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Performance Simulation
Instrument Operation Principles
The POLARIS instrument uses a Compton scattering
polarimetry architecture which employs a central scattering
rod and records the scattering distribution in the azimuthal
plane of the detector.
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Simulations are run using the Geant4 software toolkit. First, simulations
consider orbit background spectrums for noise rates. Second, we consider
monoenergetic beams simulating source photons to find detection
percentage and histogram min/max peaks (μ factor) of the detector.

Counts

Events are counted in absorber(s) and
histogramed across the angular space

Our instrument achieves a detection percentage of 1-5% depending on
the energy range. The μ factor of the detection ranges from 0.2-0.05
depending on the efficiency of scatter event reconstruction.

Instrument Design

Detector Histogram Simulation

The instrument will fit within a 1U (10x10x11cm) volume on a
a 3U (10x10x33cm) spacecraft bus.

Instrument Parameters
Value
42 cm2
1.5W
~$22k
1.4 kg

42 cm2

7 cm

Parameter
Sens. Area
Power
Cost
Mass

0% Polarized Source

0.5 cm

6.5 cm

Cesium Iodide

3U Spacecraft (Deployed)

100% Polarized Source

Plastic

3U Spacecraft (Stowed)

The minimum detectable polarization is measure of observation time
required to detect with 99% probability a certain polarization above the
background noise. This determines observation times for given source flux.
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Science Potential
Polarization is a new frontier in astrophysics. The properties
of polarization allow insight into the production mechanisms of
X-ray and Gamma ray spectrums that imaging cannot give.
Primary mechanisms of polarization are from synchrotron
emission. Since synchrotron emission is highly dependent on
the magnetic field morphology, we can probe the models of
magnetic fields for neutron stars and relativistic jets via
polarimetry. The corona of black holes also can scatter
polarized photons which can measure the corona properties
through this transfer. Our intention is to record high energy
averaged polarization values for bright gamma ray targets.

Conclusions
The Compton scattering instrument will be sensitive to a wide range of
energies starting from 80keV to several MeV. Our mission will be to
survey targets and gather polarization percentage and angle
measurements of the bright X-ray and gamma ray catalog. Astrophysics
measurements are possible in a CubeSat volume. We are currently
developing prototypes of the signal processing systems and the overall
spacecraft bus for the mission concept. POLARIS has an intended flight
around 2020.
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